METHOD FOR PREPARING PROFILES 
BACKGROUND OF THE INVENTION 

s 1. Field of the Invention 

The present invention relates to a method of preparing 
upstream profiles ana downstream profiles which are used for 
processing image data before the image data is used in a 
recording process in a manner that the upstream profiles are 

10 used for performing prior processes onto image data and the 
downstream profiles are used for performing subsequent 
processes onto the image data which has already been 
subjected to the prior processes . 
2, Description of Related Art 

15 There has been known an image forming device, such as 

a color printer, that records color images on a recording 
medium using four colors of ink, for example, cyan (C), 
magenta (M), yellow (Y) , and black (K) ink. It is noted 
that the density level, actually output ted onto the 

2o recording medium, can vary according to a variety of 
conditions, such as the model of the printer, the resolution, 
the type of ink, and the type of recording medium. 
Therefore, according to the variation in those conditions, 
it will become impossible to faithfully reproduce color 

25 images, which are retrieved using a scanner, or prepared in 
a computer, if they are recorded onto a recording medium 
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according to image data inputted as is from the computer or 
the scanner. 

For this reason, before recording an image on a 
recording medium based on image data inputted from a 
5 computer or the like, normally the input image data is first 
corrected based on profiles in order to reproduce original 
images as faithfully as possible. 

SUMMARY OF THE INVENTION 

Exaniples of profiles include upstream and downstream 

10 profiles- The upstream profile is used for performing prior 
processes on the input image data. The downstream profile 
is used for performing subsequent processes on the input 
image data, which has already been subjected to the prior 
processes using the upstream profile. The image data thus 

is subjected to the downstream profile is then used for 
recording a corresponding image onto a recording medium. 

More specifically, the upstream profile is for 
correcting tone of input image data in order to correct for 
changes due to passage of time, for unique characteristics 

20 of the image recording device itself, and for other factors. 
The downstream profile is for further calibrating the input 
image data, already subjected to the tone correction based 
on the upstream profile, in order to more precisely correct 
for the changes due to passage of time, for the unique 

25 characteristics of the image recording device itself, and 
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for other factors. 

Because the upstream profile and the downstream 
profile are interrelated in this way, the upstream profile, 
which will be used during the prior process , should be 

5 prepared after the downstream profile, which will be used 
during the subsequent process, is prepared. 

It is an objective of the present invention to provide 
a method of efficiently preparing the interrelated upstream 
and downstream profiles* 

10 In order to attain the above and other objects, the 

present invention provides a method for preparing an 
upstream profile and a downstream profile, both of which are 
for being used to process image data for recording images on 
a recording medium, the upstream profile being used for 

is performing a prior process onto the image data and the 
downstream profile being used for performing a subsequent 
process on the image data already processed by the prior 
process, the method comprising the steps of: preparing a 
downstream profile; preparing an upstream profile using the 

20 prepared downstream profile; and judging, after the 
downstream profile preparation process and before the 
upstream profile preparation process, whether the downstream 
profile has been properly prepared, and when it is judged 
that the downstream profile has been improperly prepared, 

25 preventing the upstream profile preparation process from 
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being performed based on the improperly-prepared downstream 
profile » 

According to another aspect, the present invention 
provides an apparatus for preparing an upstream profile and 
a downstream profile, both of which are for being used to 
process image data for recording images on a recording 
medium, the upstream profile being used for performing a 
prior process onto the image data and the downstream profile 
being used for performing a subsequent process on the image 
data already processed by the prior process, the apparatus 
comprising: a downstream preparing unit preparing a 
downstream profile; an upstream preparing unit preparing an 
upstream profile using the prepared downstream profile: and 
a judging unit judging, after the downstream profile 
preparation process and before the upstream profile 
preparation process, whether the downstream profile has been 
properly prepared, and when it is judged that the downstream 
profile has been improperly prepared, preventing the 
upstream profile preparation unit from performing the 
preparation based on the improperly-prepared downstream 
profile - 

According to still another aspect. the present 
invention provides a data storage medium storing, in a 
manner readable by a computer, a program of preparing an 
upstream profile and a downstream profile, both of which are 



for being used to process image data for recording images on 
a recording medium , the upstream profile being used for 
performing a prior process onto the image data and the 
downstream profile being used for performing a subsequent 

s process on the image data already processed by the prior 
process, the program comprising: a program of preparing a 
downstream profile; a program of preparing an upstream 
profile using the prepared downstream profile? and a program 
of judging, after the downstream profile preparation process 

10 and before the upstream profile preparation process, whether 
the downstream profile has been properly prepared, and when 
it is judged that the downstream profile has been improperly 
prepared, preventing the upstream profile preparation 
process from being performed based on the improperly- 

15 prepared downstream profile. 

BRIEF DESCRIPT ION QP THE DRAWINGS 
The above and other objects, features and advantages 

of the invention will become more apparent from reading the 

following description of the embodiment taken in connection 

20 with the accompanying drawings in which: 

Fig. 1 is a block drawing showing a profile 

preparation system according to an embodiment of the present 

invention; 

Pig. 2(a) is a flowchart representing an image 
25 recording process performed by using an upstream profile and 



5 



a downstream profile j 

Fig. 2(D) is a schematic view showing color patches 

printed on a recording medium by the profile preparation 

system Of Fig. 1; 
5 Fig. 3 is a flowchart representing a profile 

preparation routine performed by the profile preparation 

system of Fig. 1; 

Fig. 4 is a flowchart representing a modification of 

the profile preparation routine? 
io Fig- 5 is a schematic flow diagram showing an image 

recording process performed by using an example of the 

upstream profile and the downstream profile of the present 

embodiment ; 

Fig* 6 is a schematic view showing a color correction 
15 table used during the image recording processes; 

Fig- 7 is graph representing a measurement curve, 
indicative of a relationship between color data and an 
output density level, and a tone-correction curve, 
indicative of a relationship between color data and tone- 
20 corrected color data, which is represented by a tone 
correction table (upstream profile); 

Fig. 8 is a graph representing a relationship between 
color data, for each of two basic colors of magenta and cyan, 
and corresponding light ink data and normal ink data; 
25 Fig. 9 (a) is a schematic view showing a light ink 
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conversion table representing the relationship, between the 
color data and light ink data, shown in Fig. 6? 

Fig. 9 (b) is a schematic view showing a noinraal ink 
conversion table representing the relationship, between the 
5 color data and normal ink data, shown in Fig- 8; and 

Fig. 10 is graph representing a measurement curve, 
indicative of a relationship between ink data and an output 
density level, and a tone-correction curve, indicative of a 
relationship between ink data and tone- corrected ink data, 
lo which is represented by another tone correction table 
(downstream profile) . 

PETAILED DESCRIPTION OF THE EMBQpIfr*E]KT 
A profile preparation system according to a preferred 

embodiment of the present invention will be described while 

is referring to the accompanying drawings. 

As shown in Fig* l r the profile preparation system 100 
of the present embodiment includes a personal computer 1, a 
color printer 2, and a colorimeter 5* The personal computer 
1, the color printer 2, and the colorimeter 5 are connected 

20 together by dedicated interface cables 4, 5 for data 
transmission. 

The personal computer 1 includes a CPU 11, a ROM 12, a 
RAM 13, a hard disk 14, a printer interface 15, a 
colorimeter interface 19, a cathode -ray- tube (CRT) display 
25 16, and an input unit 18, such as a mouse and a keyboard, 
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all connected to a bus 17 for mutual data transmission. 

The CPU 11 is for executing various control operations 
and calculation operations according to various programs 
stored in the ROM 12 and according to other various programs 
5 retrieved from the hard disk 14 and stored in the RAM 13. 
The ROM 12 stores the various control programs, and also 
various types of data. 

The RAM 13 is capable of storing the various programs 
retrieved from the hard disk 14, and also various data 

io obtained from calculations performed by the CPU 11. 

The hard disk 14 serves as an auxiliary storage unit 
for storing, as files, data and programs which are not 
stored in main memories such as the ROM 12 or the RAM 13. 
More specifically, the hard disk 14 stores therein a profile 

15 preparation program for executing a profile preparation 
method (Fig. 3). The hard disk 14 further stores therein an 
upstream profile U and a downstream profile D which are 
prepared using the profile preparation program. The 
upstream profile U is for correcting for changes brought on 

20 by passage of time and for unique characteristics of the 
image recording device 2 itself. The downstream profile D 
is for more precisely correcting for the changes brought on 
by passage of time and for the unique characteristics of the 
image recording device 2. 

25 The input unit 18 includes a mouse and a key board. 
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with which a user can input his/her instruction into the 
personal computer 1, 

The printer interface 15 is for performing two-way 
data transmission between the computer 1 and the color 
5 printer 2 according to a specific transmission protocol 
agreed upon by the computer l and the color printer 2. 

The colorimeter interface 19 is for performing two-way 
data transmission between the computer 1 and the colorimeter 
5 according to a specific transmission protocol agreed upon 
10 by the computer 1 and the colorimeter 5. 

The CRT 16 is for displaying various types of data in 
a form visually recognizable by the user of the system 100. 

The color printer 2 includes an ink- jet type print 
unit 21 and a PC interface 22. The print unit 21 is capable 
xs of performing data transmission with the personal computer 1 
through the PC interface 22 ana the printer interface 15. 

The print unit 21 is of a type that forms images on a 
recording medium by ejecting inks of cyan (C), magenta (M), 
yellow <Y). and black (K) * The print unit 21 can record 
20 multi-tone color images, having density levels of 256 tones 
for each of four colors, by selectively ejecting dots of the 
corresponding ink. 

The colorimeter 5 includes a retrieval unit 31 and a 
PC interface 32* The retrieval unit 31 performs 
25 transmission of data with the personal computer 1 via the PC 
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interface 32 and the colorimeter interface 19. 

The retrieval unit 31 is for measuring the intensity 
of light transmitted through or reflected from an object , 
dividing the colors of the object into three primary colors 
5 {RGB) , and outputting the density level of each color as a 
measured color database. 

The upstream profile U and the downstream profile D 
are used during an image recording process for recording 
images as shown in Pig. 2(a)* The image recording process 
10 of Fig- 2(a) is executed also by the profile preparation 
system 100. 

During the image recording process, a set of image 
data for the four colors of cyan, magenta, yellow, and black 
is subjected to a prior process in S50. During the prior 

15 process , the image data is corrected according to the 
upstream profile U. The image data is then subjected to a 
subsequent process in S60, During the subsequent process, 
the image data is further corrected according to the 
downstream profile D„ After the subsequent process, the 

20 image data is supplied to the printer 2 in S70. As a result, 
the image data is recorded into a color image- The upstream 
and downstream profiles U and D can correct for changes 
brought on by passage of time and for unique characteristics 
of the image recording device 2 itself. Accordingly, the 

25 color image can be recorded in a desirable state by the 
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printer 2. 

In order to prepare the upstream and downstream 
profiles U and D, the profile preparation system 100 
executes the profile preparation program, stored in the hard 

5 disk 14, to attain a profile preparation process in a manner 
shown in Fig- 3. 

The profile preparation process of Fig, 3 is started 
when a user of the profile preparation system 100 inputs, 
via the input unit 18, his/her desire to prepare the 

10 upstream profile U and the downstream profile D. The 
profile preparation process may he executed when the user 
desires to initially produce the upstream and downstream 
profiles* The profile preparation process may he executed 
also when the user desires to update the upstream and 

15 downstream profiles presently stored in the hard disk 14. 
Accordingly, the upstream and downstream profiles U and D 
can be updated when the characteristics of the printer 2 
changes by the passage of time* The upstream and downstream 
profiles U and D can be updated also when the 

20 characteristics of the printer 2 changes for other reasons* 
For example, the upstream and downstream profiles U and D 
can be updated when the model of the printer 2 is changed, 
when the type of image recording medium used is changed, 
when the type of ink used is changed, when the setting, of 

25 the resolution is changed, or when the setting of the 
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printing speed is changed. 

When the profile preparation process is started, first 
in SI j the CPU 11 stores data of the presently- existing 
upstream profile and data of the presently-existing 
5 downstream profile. The presently-existing profiles are 
those that have been prepared prior to the present profile 
preparation process and that have been stored in the hard 
disk 14- For example, if the present profile preparation 
process is executed for the first time after the system 100 

10 is purchased, the presently-existing profiles are those that 
have been prepared before shipping of the system xoo. on 
the other hand, if the present profile preparation process 
is performed after the profile preparation process has been 
performed one or more times after the system 100 is 

15 purchased, the presently- existing profiles are those that 
have been prepared by the user of the system 100 during a 
latest-performed profile preparation process. It is noted 
that if the present preparation process is executed to 
initially prepare the profiles, no profiles are presently 

ao existing. 

During SI, data of the presently-existing upstream and 
downstream profiles, which are now stored in the hard disk 
14, is copied and stored in the RAM 13. Alternatively, a 
set of back-up data may be created to store data of the 

25 presently- existing profiles, and be stored in some folder or 
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the like. Thus, data of the presently- existing profiles is 
not erased or cancelled when the present profile preparation 
process is started . Even when the present profile 
preparation routine is terminated in the middle of the 
process as will be described later, data of the presently- 
existing profiles will be restored and can be used 
thereafter. 

Next, in S2, in order to prepare the downstream 
profile D, the color printer 2 is controlled to print color 
patches on a recording medium. For example, nine cyan color 
patches are produced by cyan (C) ink as shown in Pig. 2(b) 
based on image data of predetermined nine tone levels of 0, 
31. 63, 95, 127, 159, 191, 223, and 255. Similarly, nine 
magenta color patches are produced by magenta (M) ink based 
on image data of the predetermined nine tone levels of 0, 31, 
63 , 95, 127, 159, 191. 223, and 255. Nine yellow color 
patches are produced by yellow (Y) ink based on image data 
of the predetermined nine tone levels of 0, 31 r 63, 95, 127, 
159, 191, 223, and 255. Nine black color patches are 
produced by black (K) ink based on image data of the 
predetermined nine tone levels of 0, 31, 63, 95, 127, 159, 
191, 223, and 255. 

Next, in S3, the colorimeter 5 is controlled to 
measure the density level of the color patches. 

Then, in S4, a downstream profile D i$ prepared based 
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on the results of measurements taken in S3- For example, 
the downstream profile D is prepared so that input/output 
characteristic becomes linear for each color. 

When the downs tream profile D is prepared in S4, the 

5 program proceeds to S5* 

In S5, the CPU 11 judges whether the present profile 
preparation processes should be terminated. This judgement 
is performed by controlling the CRT display 16 to display a 
message asking a user whether or not to terminate the 

10 present profile preparation processes. If the user inputs, 
via the input unit 18, his/her confirmation that the present 
profile preparation processes should be terminated (yes in 
S5), then the program proceeds to S16. In S16, data of the 
downstream profile D, which has just been prepared in S4, is 

15 restored into the initial state, which has been stored 
during SI, and the profile preparation processes are ended. 

On the other hand, if the present profile preparation 
processes are to be continued (S5: NO), then in order to 
judge the propemess of the presently -prepared downstream 

20 profile D and to prepare the upstream profile U, the color 
printer 2 is controlled in S 6 to print color patches on the 
recording medium. At this time, for each color, image data 
for the predetermined nine tone levels of 0, 31, 63, 95, 127, 
159, 191, 223. and 255 is first processed in the same manner 

25 as in the processes of S60 (Pig. 2(a)) by using the 
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downstream profile D which has just been prepared in S4, 
Then, the printer 2 is controlled by the processed image 
data to print nine color patches. As a result, for each 
color , nine color patches are produced based on the 
5 processed image data* 

Next j in S7. the colorimeter 5 is controlled to 
measure the density level of the color patches printed on 
the recording medium in S6. 

Then in SB, the CPU 11 Judges whether the prepared 

10 downstream profile D is suitable, based on the results of 
the measurements made in S7, The CPU 11 judges whether or 
not the prepared downstream profile D is suitable by 
confirming, for each color, whether the measured density 
levels of all the nine color patches increase from one to 

is the next color patch in the expected monotone nondecreasing 
manner. In other words, the CPU 11 judges whether the 
measured density level of each color patch is bigher than or 
equal to its preceding color patch. The CPU 11 determines 
that the prepared downstream profile is unsuitable when the 

20 measured density level of at least one color patch is 
smaller than its preceding color patch. The CPU 11 
determines that the prepared downstream profile is suitable 
when the measured density level of each of all the color 
patches is higher than or equal to its preceding color patch* 

25 Alternatively, the CPU 11 may judge in S8 whether or 
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not the measured density level of each color patch is within 
a predetermined desirable range for the subject color patch. 
The CPU 11 determines that the prepared downstream profile 
is unsuitable when the measured density level of at least 
one color patch is out of its corresponding desirable range. 
The CPU 11 determines that the prepared downstream profile 
is suitable when the measured density level of each of all 
the color patches is within its corresponding desirable 
range. 

If it is judged in SB that the prepared downstream 
profile D is unsuitable (S8: unsuitable), then the program 
proceeds to S14, in which a notification is made that the 
downstream profile has been prepared improperly. For 
example, the CRT display 16 is controlled to display a 
message that the downstream profile is prepared improperly. 
Then in S15, the downstream profile D prepared in S4 is 
restored into the initial state, which has been stored in SI. 
Afterward, the routine returns to S2, whereupon the series 
of processes from preparation of the downstream profile p 
are repeated. 

On the other hand, when it is judged that the prepared 
downstream profile D is suitable (S8; suitable), then the 
program proceeds to S9, in which the upstream profile U is 
prepared based on the results of measurements taken in S7. 

Once the upstream profile U is prepared in S9, then 
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the program proceeds to S10, in which it is again judged 
whether or not the present profile preparation processes 
should be terminated. This process is executed in the same 
manner as in S5- If the profile preparation processes 
5 should be terminated (S10: YES), then the program proceeds 
to S16, in which data of the presently-prepared downstream 
and upstream profiles U and D is restored into the Initial 
state, which has been stored in SI. Afterward, the profile 
preparation processes are ended* 

id On the other hand, if the profile preparation 

processes are to be continued (S10; NO) , then in Sll the 
color printer 2 is controlled to print test color patches on 
the recording medium. More specifically, for each color, 
image data for the predetermined nine tone values of 0. 31, 

is 63, 95, 127, 159, 191, 223, and 255 is first processed in 
the same manner as in the process of S50 (Pig. 2(a)) by 
using the upstream profile U, which has just been prepared 
in S9, and is then processed in the same manner as ix> the 
process of S60 (Fig- 2(a)) by using the downstream profile D, 

20 which has just been prepared in S4. Color patches are 
printed based on the image data thus subjected to the 
processes according to both of the upstream and downstream 
profiles U and D. Thus, nine color patches are printed foar 
each color. 

25 Next, in S12, the colorimeter 5 is controlled to 
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measure the density level of each test color patch printed 
on the recording medium. In S13, the CPU 11 Judges whether 
the prepared upstream and downstream profiles U and D are 
suitable based on the results of the measurements taken in 
5 S12» The judgment made in S13 is performed in the same 
manner as described for S8. More specifically, the CPU 11 
judges whether or not the prepared upstream and downstream 
profiles are suitable by confirming, for each color, whether 
or not the measured density levels of all the nine color 

io patches increase from one to the next color patch in the 
expected monotone nondecreasing manner- The CPU 11 
determines that one or both of the prepared upstream and 
downstream profiles are unsuitable when the measured density 
level of at least one color patch is smaller than its 

15 preceding color patch. The CPU 11 determines that both of 
the prepared upstream and downstream profiles are suitable 
when the measured density level of each of all the color 
patches is higher than or equal to its preceding color patch* 
Alternatively, the CPU 11 may judge whether the 

20 measured density level of each color patch is within a 
predetermined desirable range for the subject color patch. 
The CPU 11 determines that one or both of the prepared 
upstream and downstream profiles are unsuitable when the 
measured density level of at least one color patch is out of 

25 its corresponding desirable range. The CPU 11 determines 
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that both of the prepared upstream and downstream profiles 
are suitable when the measured density level of each of all 
the color patches is within its corresponding desirable 
range. 

If it is judged in S13 that one or both of the 
upstream and downstream profiles is unsuitable (S13: 
unsuitable), then the program proceeds to S14. In S14, a 
notification is made that the one or both of the profiles 
has been prepared improperly. That is, the CRT 16 is 
controlled to display a message that one or both of the 
profiles has been prepared improperly- Then the program 
proceeds to S15. in which data of the downstream profile D 
prepared in S4 and data of the upstream profile U prepared 
in S9 is restored into the initial state, which has been 
stored in SI. Afterward, the routine returns to S2, 
whereupon the series of processes are repeated from 
preparation of the downstream profile D. 

On the other hand, when it is judged that both of the 
upstream and downstream profiles axe suitable (S13: 
suitable), then this series of profile preparation processes 
is ended. Then, data of the newly- produced upstream and 
downstream profiles U and D is written over data of the 
upstream and downstream profiles already stored in the hard 
disk 14. Data of the newly-produced upstream and downstream 
profiles may be stored together with indication data 
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indicating that data of the newly-produced upstream and 
downstream profiles should be retrieved and used during an 
image recording process of Fig. 2(a) to be executed in the 
future and during the profile preparation process of Pig, 3 

5 to be executed in the future* 

It is noted that according to the present embodiment, 
the process of SI 3 is performed only after it is confirmed 
in S8 that the downstream profile is suitable. Accordingly, 
if it is judged in SI 3 that one or both of the upstream and 

10 downstream profiles is unsuitable, this normally means that 
the downstream profile is suitable, but the upstream profile 
is unsuitable. Accordingly, if it is Judged in S13 that one 
or both of the upstream and downstream profiles is 
unsuitable, the program may proceed to S9, rather than to S2, 

is after executing the processes of S14 and S15. In this case, 
the series of preparation processes only for the upstream 
profile will be repeated. 

As described above, according to the profile 
preparation method of the present embodiment , the profile 

20 storing process (SI), the downstream profile preparation 
process (S2 to S4), the downstream profile judgment process 
(S6 to S8), the upstream profile preparation process (S6, S7, 
S9), and the profile Judgment process {Sll to S13) are 
executed. When it is Judged in the downstream profile 

25 judgment process that the downstream profile has been 
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Improperly prepared, or when it is judged in the profile 
judgment process that one or both of the upstream and 
dawn stream profiles has been improperly prepared, then the 
prepared profile(s) are returned, in S15, to the initial 
s state of when stored in the profile storing process (Si)* 
Afterward, the series of processes from preparing the 
downstream profile are again executed. 

Next will be described one comparative method for 
preparing the upstream and downstream profiles U and D. 

10 According to this comparative method, color patches 

are printed on a recording medium based on several sets of 
predetermined image data. Then, color of each color patch 
is measured using the colorimeter 5, Then, the downstream 
profile D is prepared based on the measurement results. 

25 Next, several sets of predetermined image data are processed 
in the same manner as in the subsequent processes of S60 
based on the presently-prepared downstream profile D. Then, 
color patches are recorded based on the thus -processed image 
data. The color of these patcbes is measured using the 

20 colorimeter 5. Then, the upstream profile U is prepared 
based on the measurement results. 

According to this comparative method, the downstream 
and upstream profiles D and u are prepared consecutively. 
Judgement of whether the downstream and upstream profiles 

2s are unsuitable is performed after both of the downstream and 
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upstream profiles are prepared. That is f judgement of 
whether the downstream and upstream profiles are suitable is 
performed only when the image recording process of Pig, 2(a) 
is executed to actually use the profiles. 
5 Thus, according to this comparative method, the 

upstream profile U is always prepared based on the 
downstream profile D, even when the downstream profile D is 
prepared inappropriate. In this case, the upstream profile 
U is also prepared improperly. Therefore, it is impossible 

xq to efficiently prepare the interrelated upstream and 
downstream profiles U and D. Judgement of propexness of the 
profiles is not performed during the profile preparation 
processes. The only way to check whether profiles have been 
properly prepared is by actually outputting an image in the 

is normal use mode of Fig. 2(a) after profile preparation 
processes are completely finished. If the profiles are 
unsuitable, then the profile preparation processes need to 
be performed again. This makes it troublesome to prepare 
proper profiles. 

20 Contrarily, according to the present embodiment, the 

judgment about whether the prepared downstream profile is 
suitable or not is made after the downstream profile is 
prepared, but before the upstream profile is prepared* When 
the downstream profile is improperly prepared, then the 

25 downstream profile is promptly prepared again* without 
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preparing the upstream profile, which is to be influenced by 
the downstream profile. Therefore, even if the downstream 
profile is improperly prepared, the profiles can be more 
efficiently prepared thai) the comparative manner, wherein 
5 the upstream profile is prepared whenever the downstream 
profile is prepared* 

The profile preparation system 100 is designed so that 
after the upstream profile is prepared, it can be judged 
whether the prepared upstream and downstream profiles are 

10 properly prepared. With this configuration, if at least one 
of tfte upstream and downstream profiles has not been 
properly prepared, then the profile preparation processes 
will be promptly restarted. The upstream and downstream 
profiles can be prepared more efficiently, with less trouble , 

is than when using the comparative profile preparation method, 
wherein whether a profile is properly prepared can only be 
[Judged by actually outputting an image using a normal usage 
mode of Fig* 2(a) * 

Also, because data of the upstream and downstream 

20 profiles, which exist before the profiles are newly prepared , 
are stored in Si, even if the profiles are not properly 
prepared, or if profile preparation processes are terminated 
in the middle of the processes, the profiles can be promptly 
returned to the initial condition, so that it is ensured 

25 that images can be recorded using the initial condition 
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profiles . 

The profile preparation method of the present 
embodiment will be described below in greater detail with 
reference to a specific example of the upstream profile U 
s and a specif io example of the downstream profile D. 

The specific example of the upstream profile U and the 
specific example of the downstream profile D are used in the 
image recording process of Fig. 5- It is noted that the 
image recording process of Fig, 5 is executed also by the 
xo profile preparation system 100 of the present embodiment . 

During the image recording process of Fig. 5, when 
input color data (Ci. Mi, Yi, Ki) is received from an image 
preparation application or the lifce, the input image data 
(Ci, Mi, Yi, Ki) is color- corrected in S100 into color- 
is corrected color data (Ci', Mi', Yi r , Ki') by using a color- 
correction table Tl. 

Then, in S200, the cyan component Ci' of the color- 
corrected color data {Ci*, Mi', Yi' , Ki') is tone -corrected 
into color- and- tone-corrected cyan data Ci" by using a tone- 
20 correction table T2c for cyan color. The magenta component 
Mi' is tone -corrected into color-and- tone -corrected magenta 
data Mi" by using a tone -correction table T2m for magenta 
color. The yellow component Yi' is tone-corrected into 
color-and- 1 one- correc ted yellow data Yi* by using a tone- 
25 correction table T2y for yellow color- The black component 
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Ki' is tone -corrected into color-and-tone~corrected black 
data Ki* by using a tone -correction table T2k for yellow 
color - 

Then, in S300, the color-and-tone-corrected cyan data 
Ci w is converted into light cyan ink data CI and normal cyan 
ink data Cn by using a cyan conversion table T3c. The 
color-and-tone-corrected magenta data Mi" is converted into 
light magenta ink data Ml and normal magenta ink data Mn by 
using a magenta conversion table T3nu 

Then, in S400, the light cyan ink data CI is tone- 
corrected into tone -corrected light cyan ink data CI' by 
using a tone -correction table T4cl for light cyan ink. The 
normal cyan ink data Cn is tone-corrected into tone- 
corrected normal cyan ink data Cn' by using a tone- 
correction table T4cn for normal cyan ink. The light 
magenta ink data Ml is tone-corrected into tone-corrected 
light magenta ink data Ml' by using a tone -correction table 
T4ml for light magenta ink. The normal magenta ink data Mh 
is tone-corrected into tone -corrected normal magenta ink 
data Mn by using a tone -correction table T4mn for normal 
magenta ink. 

Then, in S500, the tone -corrected ink data Cl x . Cn' r 
Ml', Mn' for light cyan, normal cyan, light magenta, and 
normal magenta, and the color-and-tone-corrected data Yi" 
and Ki" for yellow and black are binarizied into a set of 
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binarized color data (Clo, Cno, Mlo, Mno, Yo, Ko) in a well- 
known manner, such as described in United states Patent 
Wo. 5,045,952. 

Then, in S60Q, the binarized color data {Clo, Cno, Mlo, 
5 Mno, Yo f Ko) is outputted to the printer 2, where a desired 
color image is printed based on the binarized color data 
(Clo, Cno, Mlo. Mno, Yo, Ko) . 

In this example, the print unit 21 is of a type that 
forms images on a recording medium by ejecting six inks of 

10 light cyan (CI), normal cyan (Cn) , light magenta (Ml), 
normal magenta (Mn), yellow (Y), and black (K) based on a 
set of binary color data (Clo, Cno, Mlo, Mno, Yo, Ko) that 
is received from the personal computer 1* It is noted that 
the normal cyan ink has cyan color denser than the light 

15 cyan ink. Similarly, the normal magenta ink has magenta 
color denser than the light magenta ink. The print unit 21 
is configured to record multi-tone color images, having 
density levels of 256 different tones for each of four 
colors of cyan, magenta, yellow, and black, by selectively 

20 ejecting dots of the six inks according to the binary color 
data (Clo, Cno, Mlo f Mno, Yo, Ko) , 

It is noted that the tone- correction tables T2c, T2m, 
T2y, and T2k are the example of the upstream profile U. The 
tone-correction tables T4cl, T4cn, T4ml, and T4mn are the 

25 example of the downstream profile D. The tables Tl, T2c, 
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T2m, T2y, ana T2k, T3o and T3m, and T4cl, T4cn, T4ml, and 
T4nm are stored in the Hard disk 14. 

The color correction tattle Tl is a look up table used 
to correct, in S100, input color data (Ci, Mi, Yi, Kl) in 

5 order to reproduce colors faithfully by taking into account 
how respective colors of cyan, magenta, yellow, and black 
influence one another. As shown in Pig. 6, the color 
correction table Tl includes a plurality of sets of color 
data (C, M, Y, K) , which are possibly inputtable to the 

10 color -correction process of S100. The color correction 
table Tl includes, in correspondence with each set of color 
data (C, M r Y, K) , a set o£ color- corrected color data (C, 
M', Y', K r ), which should be outputted from the color- 
correction process of S100 in response to the input of the 

15 subject set of color data {C, M, Y, K) . 

More specifically, the color correction table Tl 
includes 6,561 (=, 9 4 } sets of color data (C, M, Y, K) . 
wherein C = 0, 31, 63, 95, 127, 159, 191, 223, and 255, M » 
0, 31, 63, 95, 127, 159, 191, 223, and 255, Y = 0, 31, 63, 

20 95, 127, 159, 191, 223, and 255, and K = 0, 31, 63, 95, 127, 
159, 191* 223, and 255. In association with each set of 
color data {C, M, Y, K) , the table Tl includes one set of 
color-corrected color data (C, M r , Y* , K J ) that should be 
outputted from the process of S100 to reproduce the 

25 corresponding color data (C, M, Y, K) . Thus, the color 
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correction table Tl is configured as a four-dimensional look 
up table, in which 6,561 sets of color-correction data (C , 
M' , Y', K* ) are stored in one to one correspondence with the 
6,561 sets of color data (C, M, Y, K) . 

The tone -correction tables T2c, T2m, T2y, and T2k are 
provided as the upstream profile U used to correct for 
changes brought on by passage of tijcae and for unique 
characteristics of the image recording device 2 itself. 

The tone correction tables T2c, T2m, T2y, and T2k are 
provided in one to one correspondence with the four colors 
of cyan (C), magenta (M) , yellow (Y) f and black (K) . A tone 
correction table T2a (a = c, m, y, or k) for each color 
component, is used to correct, in S200, the tone Ai' (= Ci r , 
Mi', Yi', or Ki') of the corresponding color component in 
the input color data (Ci r , Mi'. Yi' r Ki r ), which has already 
been color -corrected in S100, into a color-and- tone- 
corrected value Ai" (= Ci", Mi*, Yi" or Ki w ) so that 
processes of S200 through S600 will attain a linear *tone 
charact eristic w . It is noted that the "tone characteristic' 
is defined as the density level of an image, to be actually 
outputted on the recording medium in S600, with respect to 
the color- corrected tone value Ai f {- C±', Mi' , Yi r , or Ki'). 
The output density is determined by actually measuring the 
output image using the colorimeter 5, 

It is assumed that when the cyan color component Ci' 
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of color-corrected color data (Ci', Mi', Yi' , Ki r ) from S100 
is subjected to the processes of 5200 - S600, an output 
density level is obtained in S600 as indicated by a one-dot- 
and- one- chain line in Fig- 7- In this case, the tone 
5 correction table T2c should be prepared to produce an 
input /output characteristic correction curve , as indicated 
by a toroken line in the figure, to correct for the cyan tone 
Ci' of the color-corrected color data and to attain a linear 
input /output characteristic, as indicated by a solid, 

io straight line in the figure • 

Accordingly, the tone correction table T2a (a- c, m, y, 
or k) for each color component A (= C, M, Y, or K) is 
prepared to include a plurality of sets of color- corrected 
data A' (= C f , M r , Y' , or K F ), which are outputtable from 

is the color-correction process of SI 00 and are therefore 
inputtable to the tone -correction process of S200- The tone 
correction table T2a (a » c, m, y, or k) includes, in 
correspondence with each set of color- corrected data A* (« 
C, M', Y', or K'}, a set of color- and-tone- corrected data 

20 A* (« C", M", Y", or K") ( which should be outputted from the 
tone -correction process of S200 in response to input of the 
subject set of color- corrected data A r (= C, M'. Y' , or K r ). 

The tone correction table T2a (a - c, m f y, or k) 
stores a set of color-and-tone-corrected color data A' (= C, 

25 M* , Y* y or K") for each of a plurality of sets of color- 
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corrected color data A 1 (= C, M\ Y', or K'), which are 
arranged at a fixed interval* For example, the tone 
correction table T2a (a » c f ra, y, or k) stores a set of 
color-and- tone -corrected color data A" (= C 11 / M" , Y" , or K") 

5 for each of all the 256 sets of color-corrected color data 
A r (= C f , M', Y', or K') of 0 to 255- 

The conversion tables T3c and T3m are provided in one 
to one correspondence with cyan and magenta colore, each of 
which is expressed using corresponding light ink and 

10 corresponding normal ink. Each conversion table T3a (a * c 
or m) is used to divide, in S300, color data Ai" (= Ci" or 
Mi"), which has already been color- corrected in S100 and 
tone-corrected in S200, into light ink data Al (= CI or Ml) 
and normal ink data An (= Cn or Mn) in a conversion 

15 characteristic shown in Fig, 8, 

The cyan conversion table T3c is comprised from a 
light cyan conversion table T3cl and a normal cyan 
conversion table T3cn* The magenta conversion table T3m is 
comprised from a light magenta conversion table T3ml and a 

20 normal magenta conversion table T3mn. For each of cyan and 
magenta colors, the light ink conversion table T3al (a = c 
or m) and the normal ink conversion table T3an (a = c or m) 
are prepared as shown in Figs. 9 (a) and 9 (b) to represent 
the conversion characteristic of Fig- a. 

25 Each of the conversion tables T3an and T3al (a = o or 
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m) includes a plurality of sets of color-and-tone-corrected 
data A" (= C or M"), which are outputtable from the tone- 
correction process of S200 and are therefore inputtable to 
the conversion process of S300. The light ink conversion 
table T3al (a = c or m) includes, in correspondence with 
each set of color-and-tone-corrected data A u (= C w or M* ) . a 
set of light ink data B (- CI or Ml), which should be 
outputted from the conversion process of S300 in response to 
input of the subject set of color- and- tone-corrected data A* 
c" or M"). The normal ink conversion table T3an (a = c 
or m) includes, in correspondence with each set of color- 
and-tone-corrected data A" {= C" or M" } , a set of normal ink 
data B (= Cn or Ito), which should be outputted from the 
conversion process of S300 in response to input of the 
subject set of color- and- tone-corrected data A" (= C" or M"), 
It is noted that according to the conversion 
characteristic of Fig. 8, in order to reproduce each of cyan 
and magenta colors, when the tone value of the color- and- 
tone-corrected data A" {= C" or M w ) is smaller than a 
predetermined reference tone value (127, for example), only 
light ink is used to reproduce the tone by changing the dot 
recording density of light ink. Normal ink starts being 
used when the tone value of the color-and- tone-corrected 
data A" (= C"- or M* ) reaches the reference tone value (127). 
Once the reference tone value ia reached, the tone is 
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reproduced by gradually (linearly) reducing the dot 
recording density of light ink while gradually (linearly) 
increasing the dot recording density of normal ink in 
association with increase in the tone value of the color- 
and- tone -corrected data A" (= C* or M* ) . 

The tone -correction tables T4cl, T4cn, T4ml, and T4mn 
are provided as the downstream profile D used to more 
precisely correct for changes brought on by passage of time 
and for unigue characteristics of the image recording device 
2 itself* than the tone -correction tables T2c and T2m. 

The tone correction tables T4cl, T4cn, T4rol. and T4mn 
are provided in one to one correspondence with the four inks 
of light cyan (CI), normal cyan (Cn), light magenta (Ml), 
and normal magenta (Mn). A tone correction table T4b (b - 
cl, cn, ml, or mn) for each ink, is used to correct, in S400, 
ink data B (= Cl, Cn, Ml, or Mn), which has been obtained in 
S300, into a tone-corrected ink data B' (= Cl' f Cn r , Ml', or 
Mn') so that processes of S400 through S600 will attain a 
linear "tone characteristic"- It is noted that the "tone 
characteristic' is defined as the density level of an image, 
to be actually outputted on the recording medium in S600, 
with respect to the ink data B (= Cl, Cn, Ml, or Mn) . The 
output density is determined by actually measuring the 
output image using the colorimeter 5. 

It is assumed that when light cyan ink data Cl from 
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S300 is subjected to the processes of $400 - S600, an output 
density level is obtained in $600 as indicated by a one-dot - 
and-one-chain line in Pig. 10. In this case, the tone 
correction table T4cl should be prepared to produce an 
5 input /output characteristic correction curve , as indicated 
by a broken line in the figure, to correct for the light 
cyan value CI and to attain a linear input /output 
characteristic, as indicated by a solid, straight line in 
the figure* 

lo Accordingly, the tone correction table T4b (b= cl, en, 

ml, or ran) is prepared to include a plurality of sets of ink 
data B (= CI, Cn, Ml, or Mn) , which are output table from the 
conversion process of S300 and are therefore inputtable to 
the tone-correction process of S400. The tone correction 

is table T4b (b= cl, cn, ml, or ma) includes, in correspondence 
with each set of ink data B {« Cl, Cn, Ml, or Mn) » a set of 
tone- corrected data B' {= Cl', Cn' , Ml', or Mn'), which 
should be outputted from the tone -correction process of S400 
in response to input of the subject set of ink data B (= Cl, 

20 Cn, Ml, or Mn). 

The tone correction table T4b {b= cl, cn, ml, or mn) 
stores a set of tone -corrected ink data B* (= Cl f , Cn'« Ml r , 
or Mn') for each of a plurality of sets of ink data B Cl, 
Cn, Ml, or Mn) which are arranged at a fixed interval. For 

25 example, the tone correction table T4b {b« cl, cn, ml, or 
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mn) stores a set of tone -corrected ink data B" (*= CI', Cn', 
Ml', or Mn r } for each of ail the 256 sets of ink data B ( = 
CI. Cn, Ml, or Mn) of 0 to 255. 

Data of the color- correct ion table Tl, the conversion 
s tables T3cl t T3cn, T3ml, and T3mn, the tone-correction 
tables T2c, T2m, T2y, and T2k (upstream profile U) . and the 
tone- correction tables T4cl, T4cn, T4ml, and T4mn 
(downstream profile D) are produced in advance, and stored 
in the hard disk 14, 

10 Next will be described how to produce the color 

correction table Tl, the tone correction tables T2c, T2m, 
T2y, and T2k, the conversion tables T3cl, T3cn, T3ral and 
T3mn p and the tone correction tables T4cl, T4cn r T4ml f and 
T4mn, It is noted that the tone correction tables T4b (b* 

is cl, cn, ml, and mn), the conversion tables T3al and T3an (a 
» c and ra) r the tone correction tables T2a (a« c, m, y, and 
k) , and the color correction table Tl are prepared in this 
order . 

First will be described how to prepare the tone 
20 correction table T4cl for light cyan ink. 

It is noted that the tone correction tables T4cn, T4ml, 
and T4mn axe prepared for normal cyan ink, light magenta ink, 
and normal magenta ink in the same manner as described below 
for light cyan ink. 
25 First, nine sets of light cyan ink data CI of 0, 31, 
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63, 95, 127, 159, 191* 223, and 255, which will be possibly 
inputted into the tone -correction process of S400, are 
prepared. Each set of ink data CI is subjected to no tone- 
correction process of S400- As a result, nine sets of ink 
5 data Cl' having the same tone values 0, 31, 63, 95. 127, 159, 
191, 223, and 255 are obtained. 

Then, the print unit 21 is controlled by the nine sets 
of light cyan ink data CI' to print nine single-color color 
patches on a recording medium using light cyan ink. That is, 

10 each set of ink aata CI' is binarized in the same manner as 
in the process of S500, and supplied to the printer 2. As a 
result , nine color patches are produced as shown in Pig. 
2(b). Then, the output density level of each color patch is 
measured using the colorimeter 5- 

15 A graph of Fig, 10 is then prepared, in which the 

horizontal axis indicates ink data CI in the range of 0 - 
255, a left-hand vertical axis indicates the measured 
density levels in the range of 0 - 255, and a right-hand 
vertical axis indicates tone -corrected levels Cl r of 0 - 255 

20 to be obtained. Based on the measurement results of the 
nine color patches, a measurement curve- is prepared, as 
indicated by a one-dot-and~one-chain line in the figure, to 
represent the relationship between the ink data CI 
(horizontal axis) and the measured density values (left-hand 

25 vertical axis)* A predetermined reference line is then 
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plotted in the same graph to connect the minimum tone point 
(0, 0) and the maximum tone point (255, 255) as indicated by 
a solid line in the figure. Then, as indicated by a broken 
line in the same figure , a tone -correction curve is 

5 calculated as a curve that is symmetrical to the measurement 
curve with respect to the reference line. The tone- 
correction curve is then set as a tone -correction table T4cl. 
That is, along the tone -correction curve, the value of tone- 
corrected data CI', defined along the right-hand vertical 

10 axis, is determined for each of a plurality of values of ink 
data CI, defined along the horizontal axis. 

It is noted that the measurement results of the color 
patches show that when ink data CI is subjected to the color 
reproducing characteristic of S500 - S600, represented by 

is the measurement curve (one-dot-and-one-chain line in Fig. 
10 }, the ink data CI is converted into the output density 
level plotted on the measurement curve. The tone -correction 
curve (broken line in Fig- 10) is therefore determined so 
that when any ink data CI is actually inputted, the ink data 

20 Cl will be subjected first to the tone correction 
characteristic of S400, represented by the tone -correction 
curve, and then to the color reproducing characteristic of 
S500 - S600, represented by the measurement curve, resulting 
in the output density levels on the linear reference line. 

is Accordingly, actually -input ted color data Cl will be 
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converted through S400 - S500 to the output density levels 
with a linear conversion characteristic, which is a 
combination of the tone correction characteristic of S400, 
represented by the tone-correction curve (broken line in Pig. 
s 10} , and the color reproducing characteristic of 5500 - 5600, 
represented by the measurement curve (one-dot-and-one-chain 
line in Fig. 10) . 

Next will be described how to prepare the conversion 
tables T3cn and T3cl for cyan color. It is noted that the 
10 conversion tables T3mn and T3ml for magenta color are 
prepared in the same manner as described below for cyan 
color. 

First , the reference tone value is set to a desirable 
value ("127." in this example). The reference tone value is 
15 defined as a tone level point C", from which normal ink will 
be used. 

Next, the value of normal ink data Cn for the 
reference tone value C ff of 127 is determined as a desirable 
value ("1/ for example)- This value indicates the amount 
20 of normal ink that should be ejected, together with light 
ink, to reproduce the reference tone value C* of 127. 

Then, the value of light ink data CI for the reference 
tone value c" of 127 is determined in a trial-and-error 
manner described below. It is noted that this value 
indicates the amount of light ink that should be ejected, 
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together with normal ink, to reproduce the reference tone 
value C* of 127. 

First, the print unit 21 is controlled to produce a 
plurality of single-color color patches by ejecting light 
5 ink on a recording medium based on a plurality of tone 
levels that differ from one another in stepwise increments. 
More specifically, a plurality of sets of light ink data CI 
are prepared so that the plurality of sets of ink data have 
a plurality of tone levels that are different from one 

xo another in stepwise increments. The plural sets of ink data 
axe tone -corrected in the same manner as in the process of 
S400 by using the table T4cl, which has been already 
prepared for light cyan ink, binarized in the same manner as 
in the process of S500, and supplied to the printer 2. As a 

15 result, the plurality of single-color color patches are 
produced by light cyan ink in stepwisely-increasing dot 
recording densities. 

Then, the print unit 21 is controlled to eject normal 
ink, onto each single-color color patch, based on the tone 

20 level ("1* in this example) that is already determined for 
the reference tone level C" of 127. More specifically, one 
set of normal ink data Cn of 1 is prepared, tone -corrected 
in the same manner as in the process of S400 by using the 
table T4cn, binariaed in the same manner as in the progess 

25 of S500, and supplied to the printer 2. As a result, each 
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single-color color patch is further printed with normal ink 
at a dot recording density that corresponds to the tone 
level of *1 M . 

Then, the plurality of single- color color patches are 
5 visually observed by an operator to select one or more 
allowable color patches where normal ink dot * roughness" 
appear unnoticeable. Then, one color patch is selected that 
has been printed with the lowest tone level of light ink 
among the selected one or more allowable color patches* The 

LO tone level of the thus selected one color patch is 
determined as the lowest allowable light ink amount for the 
reference tone level C of 127- 

The print unit 21 is further controlled to produce a 
plurality of mixed- color color patches by ejecting four inks 

is of: light cyan ink, light magenta ink, yellow ink, and black 
ink, at a plurality of tone levels that are different from 
one another in stepwise increments, Each color patch is 
produced according to the same tone level for all of the 
four inks* More specifically/ a plurality of sets of color 

20 data {CI, Ml, Y" , K") are prepared. The plurality of sets 
of color data have a plurality of tone levels that are 
different from one another in stepwise increments. Each 
data set has the same tone value for all the four color 
components CI, Ml, Y", and K". The yellow and black 

as components Y* and K" are binarized in the same manner as in 
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the process of $500. and supplied to the printer 2. The 
cyan and magenta components CI and Ml are tone -corrected in 
the same manner as in the processes of S400 by using the 
tables T4cl and T4ml, binarized in the same manner as in the 
5 process of S500, and supplied to the printer 2, As a result, 
a plurality of mixed-color color patches are produced by all 
the four inks in stepwisely- increasing dot recording 
densities . 

Then, the plurality of mixed-color color patches are 
10 visually observed by the operator to select one or more 
allowable color patches where no bleeding appear in cyan or 
magenta light ink. One color patch is then selected that 
has printed with the highest tone level among the selected 
one or more allowable color patches. The tone level of the 
15 thus selected one color patch is determined as the highest 
allowable light ink amount for the reference tone level c" 
of 127, 

When the thus determined highest allowable light ink 
amount is equal to the determined lowest allowable light ink 

20 amount, the highest or lowest allowable light ink amount is 
determined as light ink tone data CI that should be 
outputted in S300 for the reference tone level C* of 127. 
Accordingly, the highest or lowest allowable light ink 
amount is determined as light ink data CI for the reference 

25 tone C" of 127- In this example, as shown in Figs. 8 and 
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9(a) , light ink data CI is determined as *255" with respect 
to the reference tone value C* of 127. 

On the other hand, when the determined highest and 
lowest allowable light ink amounts are not equal to each 
other, observations of the single-color color patches and of 
the mixed-color color patches are performed again to 
reselect allowable color patches in a lower precision so 
that the lowest and highest allowable light ink amounts will 
become equal to each other. 

Next, the value of light ink data Cl is determined for 
all the remaining tone values C* of 0 - 126 and 128 - 255, 

First, the value of light ink data Cl is determined as 
'0" for color data C" of the minimum and maximum tone values 
of 0 and 255. Then, as shown in Fig- 8, a graph is prepared 
in which the horizontal axis denotes color data C* in the 
range of 0 to 255, ana the vertical axis denotes light ink 
data and normal ink data both in the range of 0 to 255 . 
Then, as indicated by a broken line in Fig* 8. a linearly 
increasing-and-then-decreasing line is prepared to connect 
the light ink minimum-tone point (0, 0} to the light ink 
reference -tone point (127, 255} and further to the light ink 
maximum- tone point (255, 0). Along this linearly 
increasing-and-decreasing line, the value of light ink data 
Cl, defined along the vertical axis, is determined for all 
of the 256 color data C* of 0, 1, 255 defined along the 
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horizontal axis. As a result, light ink data Cl is 
determined as shown in Pig, 9(a) with respect to all of the 
tone values of 0 - 255 of oolor data C". 

Next, the value of normal ink data is determined for 

5 all of the remaining tone values of 0 - 126 and 128 - 255 of 
color data C* in a trial- and-err or manner described below. 
It is noted that the value of normal ink data Cn is already 
determined as "1* for the reference tone value C m of 127. 

First, the value of normal ink data Cn is determined 

10 as "0" for all the tone values C of 0 - 126 that are 
smaller than the reference tone value 127. 

Then, the value of normal ink data is determined for 
the maximum tone value C" of 255 in a manner described below 
First, the print unit 21 is controlled to produce a 

is plurality of single-color color patches by ejecting normal 
ink on a recording medium based on a plurality of tone 
levels that differ from one another in stepwise increments. 
More specifically , a plurality of sets of normal ink data Cn 
are prepared so that the plurality of sets of ink data have 

20 a plurality of tone levels that are different from one 
another in stepwise increments* The plural sets of ink data 
are tone-corrected in the same manner as in the processes of 
S400 by using the table T4cn, binari2ed in the same manner 
as in the process of S500. and supplied to the printer 2. 

25 As a result, the plurality of single-color color patches are 
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produced by normal ink in stepwisely- increasing dot 
recording densities. 

Then, the print unit 21 is controlled to eject light 
ink, onto each single-color color patch, baaed on the tone 
level of light ink that is already determined for the 
maximum tone level C of 255* In this example, the tone 
level is already determined as *0* for the maximum tone 
level C of 255. Accordingly, one set of light ink data CI 
of m 0" is prepared, tone-corrected in the same manner as in 
the process of S400 by using the table T4C1, binarized in 
the same manner as in the process of S500, and supplied to 
the printer 2* 

Then, the plurality of single -color color patches are 
visually observed by the operator to select one or more 
allowable color patches where no undesirable white regions 
appear- noticeable. One color patch is then selected that 
has printed with the lowest tone level of normal ink among 
the selected one or more allowable color patches* The tone 
level of this color patch is determined as the lowest 
allowable normal ink amount for the maximum tone level C* of 
255, 

Next, the print unit 21 is controlled to produce a 
plurality of mixed-color color patches by ejecting four inks 
of: normal cyan ink, normal magenta ink, yellow ink, and 
black ink, at a plurality of tone levels that are different 
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fxom one another in stepwise increments, Each color patch 
is produced according to the same tone level for all of the 
four inks. More specifically, a plurality of sets of color 
data (Cn. Mh, Y" , K* ) are prepared. The plurality of sets 
of color data have a plurality of tone levels that are 
different from one another in stepwise increments* Each 
data set has the same tone value for all the four color 
components Cn, Mn, Y*, and K" , The yellow and black 
components Y" ana K" are binarlzed in the same manner as in 
the process of S500. and supplied to the printer 2* The 
cyan and magenta components Cn and Mn are tone -corrected in 
the same manner as in the processes of S400 by using the 
tables T4cn and T4mn, binarized in the same manner as in the 
process of S500, and supplied to the printer 2. As a result, 
the plurality of mixed-color color patches are produced by 
the four inks in stepwisely-lncreasing dot recording 
densities . 

Then, the plurality of mixed-color color patches are 
visually observed by the operator to select one or more 
allowable color patches where no bleeding or blurring appear 
in the cyan or magenta normal ink. One color patch is then 
selected that has printed with the highest tone level among 
the selected one or more allowable color patches. The tone 
level of the thus selected one color patch is determined as 
the highest allowable normal ink amount for the maximum tone 
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level C* of 255. 

When the thus determined highest allowable normal ink 
amount is equal to the determined lowest allowable normal 
ink amount, the highest or lowest allowable normal ink 

5 amount is determined as normal ink tone data Cn that should 
he outputted fxom S300 for the maximum tone level C of 255. 
Accordingly, the highest or lowest allowable normal ink 
amount is determined as normal ink data Cn for the maximum 
tone C" of 255. In this example, as shown in Figs. 8 and 

10 9(b), normal ink data Cn is determined as "255" with respect 
to the maximum tone value C" of 255. 

On the other hand, when the determined highest and 
lowest allowable normal ink amounts are not equal to each 
other, observations of the single-color color patches and of 

15 the mixed-color color patches are performed again to 
reselect allowable color patches in a lower precision so 
that the lowest and highest allowable normal ink amounts 
will become equal to each other* 

Next, the value of normal ink data Cn is determined 

20 for all the remaining tone values C of 128 - 254. 

As indicated by a solid line in Fig. 8, a linearly 
increasing line is produced to connect the normal ink 
reference- tone point (127, 1) to the normal ink maximum- tone 
point (255, 255). Along this linearly- increasing line, the 

25 value of normal ink data Cn, defined along the vertical axis. 
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is determined for each of all the values of color data C" of 
128, 129, 130, 253, and 254, defined along the 

horizontal axis. Thus, the value of normal ink data cn with 
respect to all the tone values C* of 127 - 255 is determined 
and stored as shown in Fig* 9(b). 

Next will be described how to prepaxe the tone 
correction table T2c for cyan color* It is noted that the 
tone correction table T2m is prepared for magenta color in 
the same manner as described below for cyan color. 

First , nine sets of color data C of 0, 31* 63, 95, 
127, 159, 191, 223, and 255 which will be possibly inputted 
into the tone -correction process of S20Q, are prepared. 
Each set of color data C is subjected to no tone- correction 
process of S200. As a result, nine sets of color data C" 
having the tone values 0, 31, 63, 95, 127, 159, 191, 223, 
and 255 are obtained. Then, the nine sets of color data C - 
are subjected to the conversion process of S300. As a 
result, each set of color data C* is converted into normal 
ink data Cn and light ink data CI by using the conversion 
tables T3en and T3cl, which have already been produced. 
Thus, nine sets of color data C are directly converted into 
nine sets of ink data (Cn, CI)- Then, the nine sets of ink 
data (Cn, CI) are subjected to the tone- correction process 
of S400. As a result, each set of ink data (Cn, CI) is 
tone-corrected into a set of tone -corrected ink data (Cn", 
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Cl f ) by using the tone -correction tables T4cn and T4cl, 
which have already been produced- Thus, the nine sets of 
ink data (Cn, Cl) are tone-corrected into nine sets of ink 
data (Cn', Cl r ). 

5 Then, the print unit 21 is controlled by the nine sets 

of ink data (Cn*, Cl r ) to print nine single-color color 
patches on a recording medium using both light and normal 
inks. That is, each set of ink data (Cn', Cl') is binarized 
in the same manner as in the process of S500, and supplied 
10 to the printer 2* As a result, nine color patches are 
produced as shown in Fig. 2(b). Then, the output density 
level of each color patch is measured using the colorimeter 
5. 

A graph of Fig. 7 is then prepared* in which the 
15 horizontal axis indicates color data C in the range of 0 - 
255, a left-hand vertical axis indicates the measured 
density levels in the range of 0 - 255, and a right-hand 
vertical axis indicates tone- corrected levels C* of 0 - 255 
to be obtained. Based on the measurement results of the 
20 nine color patches, a measurement curve is prepared, as 
indicated by a one-dot-and-one-chain line in the figure, to 
represent the relationship between the color data C r 
(horizontal axis) and the measured density values (left-hand 
vertical axis) . A predetermined reference line is then 
25 plotted in the same graph to connect the minimum tone point 
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(0, 0) and the maximum tone point (255, 255) as indicated by 
a solid line in the figure. Then, as indicated by a broken 
line in the same figure, a tone-correction curve is 
calculated as a curve that is symmetrical to the measurement 
5 curve with respect to the reference line- The tone- 
correction curve is then set as a tone- correction table T2c. 
That is, along the tone- correction curve, the value of tone- 
corrected data C*, defined along the right-hand vertical 
axis, is determined for each of a plurality of values of 

10 color data C defined along the horizontal axis. 

It is noted that the measurement results of the color 
patches show that when color data C is subjected to the 
color reproducing characteristic of S300 - S600, represented 
by the measurement curve ( one - do t - and- one - chain line in Pig. 

is 7), the color data C is converted into the output density 
level plotted on the measurement curve. The tone -correction 
curve (broken line in Fig. 7} is therefore determined so 
that when any color data C is actually inputted, the color 
data C r will be subjected first to the tone correction 

20 characteristic of S200, represented by the tone-correction 
curve, and then to the color reproducing characteristic of 
S300 - S60O, represented by the measurement curve, resulting 
in the output density levels on the linear reference line. 
Accordingly, actually- inputted color data C will be 

25 converted through S200 - S600 to the output density levels 
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with a linear conversion characteristic, which is a 
combination of the tone correction characteristic of S200 f 
represented by the tone- correct ion curve (broken line in Fig. 
7), and the color reproducing characteristic of S300 - S600, 
represented by the measurement curve (one-dot-and-one-chain 
line in Pig. 7). 

Next will be described how to prepare the tone 
correction table T2y for yellow color- It is noted that 
the tone correction table T2k is prepared for black color in 
the same manner as described below for yellow color. 

The print unit 21 is first controlled according to 
nine sets of color data Y* of 0. 31, 63, 95, 127, 159 r 191, 
223 , and 255 to produce nine color patches* More 
specifically, nine sets of yellow color data Y' of 0, 31, 63, 
95, 127, 159, 191, 223, and 255 are prepared, binarized in 
the same manner as in the process of S500, and are supplied 
to the printer 2. As a result, nine color patches are 
produced by yellow ink as shown in Fig, 2(b), Densities of 
the nine color patches are measured by the colorimeter 5. 
As a result, a measurement curve ( one-dot -and-one-chain 
line) of Fig. 7 is produced based on the measurement results 
similarly as described above for cyan ink. A predetermined 
reference line (solid line) and a tone -correction curve 
(broken line) are determined also in the same manner as 
described above. the thus obtained tone- correction curve 
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(broken litis ) is set as the tone -correction table T2y for 
the yellow color. 

Next will be described how to prepare the color- 
correction table Tl. 
5 First, 6,561 (« 9 4 ) sets of color data {C, M', Y', 

K'), which will possibly be outputtefl from the color- 
correction process of S100, are prepared, wherein C - 0, 31, 
63, 95, 127, 159, 191, 223, and 255, M - 0, 31, 63, 95, 127, 
159, 191, 223, and 255, Y - 0, 31, 63, 95, 127, 159, 191, 

10 223, and 255, and K * 0, 31, 63. 95, 127, 159, 191, 223, and 
255. The yellow component Y" of each set of color data (C, 
M" , Y', K F ) is tone -corrected into tone-corrected data Y" 
in the same manner as in the process of S200 using the tone- 
correction table T2y already prepared for yellow color in 

15 the manner described above. Similarly, the black component 
K' of each set of color data (C , M f , Y', K r ) is tone- 
corrected into tone -corrected data K" in the same manner as 
in the process of S200 using the tone- correction table T2k 
already prepared for black color. The cyan component C of 

20 each set of color data (C r , M', Y', K') is tone -corrected 
into tone -corrected data C" in the same manner as in the 
process of S200 using the tone -correction table T2c already 
prepared for cyan color, converted in the same manner as in 
the process of S300 into light ink data CI and normal ink 

25 data Cn using the conversion tables T3cl and T3cn already 
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prepared for cyan color, and are tone- corrected in the same 
manner as in the process of S400 into tone-corrected ink 
data CI' and Cn' using the tone -correction tables T4cl and 
T4cn already prepared for cyan color. Similarly, the 

5 magenta component M' of each set of color data (C' r M' , Y* r 
K* ) is tone -corrected into tone-corrected data M" in the 
same manner as in the process of S200 using the tone- 
correction table T2m already prepared for magenta color, 
converted in the same manner as in the process of S300 into 

10 light ink data Ml and normal ink data Mh using the 
conversion tables T3ml and T3rnn already prepared for magenta 
color, and are tone-corrected in the same manner as in the 
process of S400 into tone- corrected ink data Ml" and Mh' 
using the tone -correction tables T4ml and T4mn already 

15 prepared for magenta color* Thus, each set of color data 
(C, M r , Y', K r ) is converted into a set of color data (CI" , 
Cn - , Ml'. Mn'. Y". K" ) . The set of color data (CI', Cn'. 
Ml', Mn', Y", K*) is then binarized into binarized data (Clo, 
Cno, Mlo F Mno, Yo, Ko) in the same manner as in the process 

20 of S500, and is supplied to the printer 2, As a result, the 
print unit 21 is controlled to produce 6 t 561 color patches. 

The color patches are measured using the colorimeter 5 
in order to determine L*a*b* color values (L, a. b) „ defined 
in the L*a*b* colorimetric system {CIE 1976} , for all the 

25 sets of original color data (C , M' r Y', K'). Interpolation 
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calculation is performed on the measured L*a*b* color values 
and the original color values (C , M\ Y r , K T ) to determine 
a relationship between a plurality of Lab color values (L, a, 
b) and a plurality of color values (C\ M r , Y' , K' ) , which 
are to be outputted from the color- correction process of 
S100. 

Next, the relationship between color values (C, M, Y, 
K) , which are inputtable to the color correction process of 
S100, and L*a*b* color values <L, a, b) is determined. More 
specifically, 6,561 sets of color data (C, M, Y, K), which 
will possibly be inputted to the color correction process of 
S10G, are prepared, wherein C = 0, 31, 63, 95. 127, 159, 191, 
223, and 255, M = 0, 31, 63, 95, 127, 159, 191, 223, and 
255, Y = 0, 31, 63, 95, 127, 159, 191, 223, and 255, and K = 
0, 31, 63, 95, 127, 159, 191, 223, and 255, Each set of 

color data (C, M, Y, K) is outputted, without being 
subjected to any correction or conversion process, to a 
standard printer to produce 6,561 color patches. The color 
patches are measured by a colorimeter to obtain the L*a*b 
color values (L, a, b) of the color patches- Interpolation 
calculation is performed on the measured L*a*b* color values 
and the original color values (C, M, Y, K) to determine a 
relationship between a plurality of color values (C. M, Y, 
K), which are to be inputted to the color -correct ion process 
of S100, and a plurality of Lab color values (L, a, b). It 
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is noted that the relationship between color data (C, M, Y, 
K) and the L*a*b color values (L, a. b) can be determined 
also based on a (CMYK- Lab) look up table that is supplied 
from Pantone Corporation or SWOP (Standard Wet Offset 
5 Printing). As a result, the relationship among color data 
(C, M, Y, K), to be inputted to the process of S100, L*a*b* 
color data (L, a* b) , and color- corrected color data (C, M' r 
Y' f K r ), to be outputted from the process of S100, is 
obtained- Therefore, a direct relationship between color 
10 data (C, M, Y, X) and color-corrected color data (C , M', Y', 
K'} is obtained. Thus, the color correction table Tl is 
obtained. 

It is noted that the color correction table Tl may be 
produced in a manner described in United States Patent 
15 No. 4,500,919, 

Because the tables Tl, T2 (T2c. T2m, T2y, and T2k) , T3 
(T3cl, T3cn, T3inl, and T3mn) , and T4 {T4cl, T4cn, T4ml. and 
T4mn) are prepared as described above, the image conversion 
process of Fig. 5 is performed using those tables in a 
20 manner described below. 

In S100, input color data (Ci, Mi, Yi, Ki). prepared 
in an image preparation application or the like, is color- 
corrected into color- corrected color data (Ci F , Mi', Yi', 
Ki') using the color correction table Tl. More specifically, 
25 if input color data (Ci, Mi, Yi, Ki) matches with some set 
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of color data (C, M, K) in the color correction table Tl, 
the input color data <Ci, Mi, Yi, Ki) is directly color- 
corrected into a set of color- corrected color data (Ci' f Mi', 
Yi', Ki') that is stored in the color correction table Ti in 
5 correspondence with tlie matching color data (C, M, Y, K) . 
On the other hand, if the input color data (Ci, Mi f Yi, Ki) 
matches with no color data (C, M, Y, K) in the color 
correction table Tl, then a set of approximate color- 
corrected data (Ci r , Mi \ Yi ' , Ki ' ) is calculated by 

10 interpolating several sets of color- corrected data (C. M r , 
Y', K' } , which are stored in the table Tl for several sets 
of color data (C, M, Y, K) that surround the subject set of 
input color data {Ci, Mi, Yi, Ki) - Thus, each set of input 
color data (Ci, Mi, Yi r Ki) is color- corrected into color - 

15 corrected color data (Ci 1 , Mi', Yi r , Ki') so as to be 
suitably reproduced by a combination of four colors of cyan, 
magenta, yellow, and black. 

Then, in S200, using the tone correction tables T2c f 
T2m, T2y, and T2k, values of color data (Ci' , Mi', Yi', Ki'), 

2Q which has already been subjected to the color correction 
processes of S1G0, are subjected to tone correction. During 
tbe tone correction process for cyan component, the value 
Ci' of the color- corrected input color data (Ci r , Mi', Yi', 
Ki*) is used to refer to the horizontal axis in the tone- 

25 correction table T2c (Fig. 7) for cyan color. Then, with 
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respect to the color- corrected data Ci' (horizontal axis), 
the value of tone -corrected color data Ci* (right-hand 
vertical axis) on the tone-correction curve is obtained. 
Thus, a color-and- tone -corrected color data Ci" is obtained 
for the color-corrected color data Ci ' . The same operation 
is performed for other remaining values Mi' , Yi' r and Ki" by 
using the tone -correction tables T2ra, T2y, and T2k {Fig. 7) 
for magenta, yellow, and black colors. As a result, one set 
of color- and-tone-corrected color data (Ci*, Mi*, Yi*, Ki") 
is produced based on each set of color -corrected color data 
(Ci', Mi r , Yi', Ki'). 

Then, in S300, using the conversion tables T3cl and 
T3cn for cyan color, the value Ci* is converted into values 
CI and Cn. Similarly, using the conversion tables T3ml and 
T3mn for magenta color, the value Mi* is converted into 
values Ml and Mh. More specifically, during the conversion 
process for cyan, the value Ci" is used to refer to the 
horizontal axis of Fig. 8, which is represented by the 
conversion tables T3cl and T3cn (Figs. 9 (a) and 9(b)), Then, 
with respect to the value of the color-and- tone -corrected 
data Ci" (horizontal axis), a value CI of light ink oolor 
data (vertical axis) is obtained on the light ink conversion 
line (broken line) and a value Cn of normal ink color data 
(vertical axis) is obtained on the normal ink conversion 
line (solid line). Thus, light ink color data CI and normal 
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ink color data Cn are obtained. In other words, the color - 
and- tone -corrected color data Ci* is converted into ink data 
(CI, Cn) . The same operation as described above is 
performed for magenta color component by using the 

5 conversion tables T3mn and T3ml, Thus, light cyan ink data 
CI. normal cyan ink data Cn, light magenta ink data Ml, and 
normal magenta ink data Mn are produced* 

Then; in S400, using the tone correction table T4cl 
for light cyan ink, the light cyan ink value Cl is tone- 

10 corrected into a tone -corrected light cyan ink value Cl'. 
Similarly, using the tone correction table T4cn for normal 
cyan ink, the normal cyan ink value Cn is tone-corrected 
into a tone- corrected normal cyan ink value Cn r . Using the 
tone correction table T4ml for light magenta ink, the light 

15 magenta ink value Ml is tone -corrected into a tone-corrected 
light magenta ink value Ml'. Similarly, using the tone 
correction table T4mn for normal magenta ink, the normal 
magenta ink value Mn is tone -corrected into a tone -corrected 
normal magenta ink value Mn" . More specifically, during the 

20 tone correction process for light cyan ink, the value Cl is 
used to refer to the horizontal axis in the tone- correction 
table T4cl (Fig, 10) for light cyan ink. Then, with respect 
to the value Cl (horizontal axis), the value of tone- 
corrected ink data Cl' (right-hand vertical axis) on the 

25 tone-correction curve is obtained* Thus, tone- corrected ink 
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data CI' is obtained for the ink data CI. The same 
operation is performed for other remaining values Cn, Ml. 
and Mn by using the tone- correction tables T4cn, T4ml, and 
T4mn (Fig. 10} for normal cyan, light magenta, and normal 
5 magenta inks. 

The thus produced tone- corrected ink data ci', Cn', 
Ml'x and Mn' are outputted together with the color data Yi" 
and Ki* for yellow and black components. Thus, a set of 
data (Cl\ Cn' , Ml\ Mn', Yi", Ki*J is obtained based on 

10 each set of original input color data (Ci, Mi, Yi, Ki) . 

Then, in S50G, the thus obtained data set {CI", Cn' , 
Ml'. Mn', Yi", Ki"), which has been subjected to the several 
correction and conversion processes as described above, is 
subjected to a binarization processes in tne well known 

15 manner such as those described in the United States Patent 
No. 5,045, 952. Then, a resultant binary signal (Cl 0 , Cn q , M1 Q , 
Mn<>, Y 0 , Ko) is outputted to the color printer 2. The print 
unit 21 is controlled in S600 to print a color image on the 
image recording medium based on the binary signal {Cl 0g Cn 0 , 

20 Mlo, Mn 0 , Y c , Ko). 

It is noted that data of the color -correction table Tl 
and the conversion tables T3cl, T3cn, T3ml, and T3mn is 
stored in the hard disk 14 as unchangeable, fixed data. 
However , data of the tone-correction tables T2c, T2m, T2y, 

25 and T2k (upstream profile U) and the tone- correction tables 
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T4cl, T4cn, T4ml, and T4mn {downstream profile D) can be 
changed or updated according to changes in the pointer 
characteristics- That is, data of the tone -correction 
tables T2c, T2m, T2y r and T2k and the tone -correction tables 
5 T4cl, T4cn, T4ml, and T4mn can he changed when the 
characteristics of the printer 2 changes by passage of time. 
Data of the tone -correction tables T2c, T2in, T2y, and T2k 
and the tone -correction tables T4cl f *P4cn, T4ml, and T4mn 
can be changed also when the model of the printer 2 is 

10 changed , the type of image recording medium used in the 
printer 2 is changed, the type of ink used is changed, the 
resolution set in the printer 2 is changed, or the printing 
speed set in the printer 2 is changed* 

When the user desires to update data of the tone- 

15 correction tables T2c # T2m. T2y, and T2k and data of the 
tone-correction tables T4cl, T4cn, T4ml, and T4mn, the user 
instructs the profile preparation system 100 to start 
executing the profile preparation process of Fig. 3 to 
update data of the tone -correction tables T2c, T2m, T2y. and 

20 T2k as data of the upstream profile U and to update data of 
the tone -correct ion tables T4cl. T4cn, T4ml, and T4mn as 
data of the downstream profile D» 

During the downstream profile production process of S2 
- S4 {Fig. 3)/ data of the tone-correction tables T4cl r T4cn, 

25 T&ml, and T4mn is prepared as a downstream profile D in the 
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same manner as for when the tone-correction tables T4cl, 
T4cn, T4ral, and T4ron are initially produced. 

More specifically/ in order to prepare the tone 
correction table T4cl, in S2, nine sets of light cyan ink 
5 data CI of 0, 31, 63, 95, 127, 159, 191. 223, and 255 are 
prepared. By subjecting the nine sets of ink data CI to no 
tone-correction process, nine sets of ink data CI' having 
the tone values 0, 31/ 63, 95, 127, 159, 191, 223, and 255 
are obtained. The nine sets of ink data Cl r are binarized 

lo in the same manner as in the process of S500, and supplied 
to the printer 2. As a result, nine color patches are 
produced as shown in Pig- 2{b). 

Next, in S3, the output density level of each color 
patch is measured using the colorimeter 5. Tiien, in S4, a 

15 measurement curve is prepared, based on the measurement 
results, as indicated by a one-dot-and-one-chain line in Fig. 
10. Then, as indicated by a broken line in the same figure, 
a tone-correction curve is calculated, and is set as a tone- 
correction table T4cl. 

20 It is noted that the tone correction tables T4cn, T4ml, 

and T4mn are prepared for normal cyan ink, light magenta ink, 
and normal magenta ink in the same manner as described above 
for light cyan ink. 

During the downstream profile examination process of 

25 S6 - SB, the table T4cl is examined in a manner described 
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below. 

First, in S6, nine sets of light cyan ink data CI of o, 
31, 63, 95, 127, 159, 191, 223, and 255 are prepared, and 
are tone- corrected into tone -corrected ink data CI' by using 

5 the table T4cl which has just been prepared in S4. Then, 
each set of tone -corrected ink data CI' is binarized into 
binarlzed data Clo, and is supplied to the printer 2. As a 
result, the print unit 21 is controlled to print nine 
single-ink patches as shown in Fig* 2(b) using light cyan 

xo ink. 

Then, in S7, the nine single -ink patches are measured 
by the colorimeter 5, and examination is performed in S8 
whether the density of the color patches increases in the 
monotone nondecreasing manner in accordance with the 

15 increase in the value of the original ink data Cl. 

More specifically, the CPU II judges in S8 whether or 
not the tone -correction table T4cl is suitable by confirming 
whether the measured density levels of all the nine color 
patches increase from one to the next color patch in the 

20 expected monotone nondecreasing manner. In other words, the 
CPU 11 judges whether or not the measured density level of 
each color patch is higher than or equal to its preceding 
color patch. 

It is now assumed that the density level of each color 
25 patch has a value D(i) {where i is the order of the subject 
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color patch, 0^ i ^8). The CPU 11 judges in S8 whether or 
not the value D(i) of each color patch (1j Q^k i 3*8) Is 
smaller than or equal to the value D(i+1) of the next color 
patch (i+1). In other words, the CPU 11 judges whether the 
5 following inequality (1) is satisfied; 

D(l) ^ D(i+1) ... (1) 

wherein 0^ i Ss. 

The CPU 11 determines that the table T4cl is 
unsuitable when at least one of the nine color patches (i) 

10 does not satisfy the inequality (1), The CPU 11 determines 
that the table T4cl is suitable when all the nine color 
patches satisfy the inequality ( 1 ) . 

Alternatively, the CPU 11 may judge in S8 whether the 
measured density level of each color patch is within the 

15 desirable range predetermined for the subject color patch. 
The CPU 11 determines that the table T4cl is suitable when 
the measured density level D(i) of each color patch (i) is 
within its desirable range. The CPU 11 determines that the 
table T4cl is unsuitable when the measured density level 

20 D(i) of at least one color patch (i) is out of its desirable 
range . 

The tables T4cn, T4ml, and T4mn are examined in the 
same manner as described above for table T4cX« 

It is noted that in $8, the CPU 11 further judges 
25 whether or not all of the four tables T4cl, T4cn, T4ml, and 
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T4mn are suitable. The CPU determines that the downstream 
profile D is suitable only when all of the four tables T4cl, 
T4cn f T4ml, and T4mn are suitable. The CPU 11 determines 
that the downstream profile D is unsuitable when at least 
5 one of the four tables T4cl, T4cn, T4ml„ and T4mn is 
unsuitable. 

During the upstream profile production process of S9, 
data of the tone-correction tables T2c, T2m, T2y, and T2k is 
prepared as an upstream profile U in the same manner as when 

10 the tone- correction tables T2c, T2m, T2y, and T2k are 
initially produced. 

More specifically, in order to prepare the table T2c, 
in S9, nine sets of color data C of 0, 31, 63, 95, 127, 159, 
191, 223, and 255 are prepared. By subjecting the nine sets 

15 of color data C to no tone -correction process, nine sets of 
color data C* having the values 0, 31, 63, 95, 127, 159, 191, 
223, and 255 are obtained. Then, the nine sets of color 
data C" are converted into nine sets of ink data {Cn, CI) by 
using the conversion tables T3cn and T3cl, Which are stored 

20 in the hard disk 14. Then, the nine sets of ink data (Cn, 
CI) are tone- corrected into nine sets of tone-corrected ink 
data (Cn* , CI') by using the tone -correction tables T4cn and 
T4cl, which have Just been prepared in S4. Then, the .nine 
sets of ink data (Cn', CI') are binarized in the same manner 

25 as in the process of S500, and supplied to the printer 2. 
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As a result, nine color patches are produced as shown in Fig* 
2(b). Then, the output density level of each color patch is 
measured using the colorimeter 5. Based on the measurement 
results of the nine color patches, a measurement curve is 
. 5 prepared, as indicated by a one-dot-and-one-chain line in 
Fig. 7. Then, a tone- correction curve is calculated as 
indicated by a broken line in the same figure, and set as a 
tone- correction table T2c. 

The tone-correction table T2m is prepared in the same 

10 manner as described for cyan color. 

In order to prepare the tone correction table T2y for 
yellow color, in S9, nine sets of yellow color data Y r of 0, 
31, 63, 95, 127, 159, 191, 223, and 255 are prepared, 
binarized in the same manner as in the process of S500, and 

is are supplied to the printer 2. As a result, nine color 
patches aire produced by yellow ink as shown in Fig. 2{b). 
Densities of the nine color patches are measured by the 
colorimeter 5, Based on the measured results, a measurement 
curve (one -dot -and- one -chain line) of Fig. 7 is obtained. 

20 Then, a tone -correction curve (broken line) is determined 
and set as a tone -correction table T2y- 

It is noted that the tone correction table T2k is 
prepared for black color in the same manner as described 
above for yellow color, 

25 During the upstream profile examination process of Sll 
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- S13, the table T2c is examined in a manner described below. 
It is noted that the table T2m is examined in the same 
manner as described below for table T2c* 

First, in Sll, nine sets of color data C 1 of 0, 31 , 63. 

s 95, 127, 159, 191, 223, and 255 are prepared, and tone* 
corrected into tone-corrected color data C* by using the 
table T2c which has just been prepared in S9, Then, the 
thus obtained nine sets of tone-corrected color data C* are 
converted into nine sets of ink data (CI, Cn) by using the 

10 tables T3cn and T3cl which are stored in the hard disk 14. 
The thus obtained nine sets of ink data (CI, Cn) are then 
tone-corrected into {Cl r , Cn') by using the tables T4cl and 
T4cn which have just been prepared in S4k Then, the nine 
sets of tone-corrected ink data (Cl r , Cn') are binarized 

3,5 into binarized data (Clo, Cno), and are supplied to the 
printer 2. As a result, nine color patches are printed on a 
recording medium as shown in Fig. 2(b) by using light cyan 
ink and normal cyan ink. 

Then, in S12, the output density level of each color 

20 patch is measured using the colorimeter 5. Examination is 
performed in Sl3 whether the density of the color patch 
properly increases in the monotone nondecreasing. manner in 
accordance with the increase in the value of the original 
color data C r . The examination is performed in S13 in the 

25 same manner as in S8. That is, the CPU 11 determines that 
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at least one of the tables T2c, ¥4cl, and T4cn is unsuitable 
when at least one of the nine color patches (i) does not 
satisfy the inequality {!}. The CPU 11 determines tbat all 
of the tables T2c, T4cl, and T4cn are suitable when all the 

5 nine color patches satisfy the inequality ( l ) , 
Alternatively, the CPU 11 may determine in S13 that all of 
the tables T2c, T4cl, and T4cn are suitable when the 
measured density level D(i) of each color p&tch (i) is 
within its desirable range- The CPU 11 determines that at 

10 least one of the tables I2c, T4cl, and T4cn is unsuitable 
when the measured density level D(i) of at least one color 
patch (i) is out of its desirable range. 

During the upstream profile examination process of Sll 
- S13, the table T2y is examined in a manner described below. 

is It is noted that the table T2K is examined din the same 
manner as described below for table T2y, 

First, in Sll, nine sets of color data Y' of 0 r 31, 63, 
95, 127, 159, 191, 223, and 255 is tone-corrected into tone- 
corrected color data Y* by using the table T2y which has 

2D just been prepared in S9. Then, nine sets of tone -corrected 
color data Y" are binarized into binarized data to and 
supplied to the printer 2. As a result, the print unit 21 
is controlled to print nine color patches using yellow ink. 
The nine single-color patches are then measured in S12 

25 by the colorimeter 5 r and examination is performed in S13 
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whether the density of the color patch properly increases in 
the monotone nondecreasing manner in accordance with, the 
increase in the value of the original color data Y r - The 
examination is performed in the same manner as in S8. That 
5 is f the CPU 11 determines that the table T2y is unsuitable 
when at least one of the nine color patches (i) does not 
satisfy the inequality {1)> The CPU 11 determines that the 
table T2y is suitable when all the nine color patches 
satisfy the inequality (1), Alternatively, the CPU 11 may 

10 determine that the table T2y is suitable when the measured 
density level D(i) of each color patch (i) is within its 
desirable range. The CPU 11 determines that the table T2y 
is unsuitable when the measured density level D(i) of at 
least one color patch (i) is out of its desirable range. 

is It is noted that in S13, the CPU further determines 

whether or not all of the tables T2c„ T4cl, and T4cn, T4m r 
T4ml, and T4mn, T2y f and T2k are suitable. The CPU 
determines tHat both of the upstream profile U and the 
downstream profile D are suitable only when all of the eight 

20 tables T2c, T4cl # and T4cn, T4m, T4ml, and T4mn, T2y. and 
T2k are suitable. The CPU determines that one or both of 
the upstream profile U and the downstream profile D is 
unsuitable when at least one of the tables T2c, T4cl, and 
T4cn. T4m, T4ml, and T4mn, T2y, and T2k is unsuitable. 

25 It is noted that in the above description, during the 
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downstream profile examination processes of S6 - S8 f color 
patches are produced in S6 by preparing nine ligbt cyan 
values CI of 0 - 255. The results measured in S7 for the 
light cyan ink can therefore be used to prepare the 
5 measurement curve for cyan (one -dot -and- one -chain line in 
Fig. 7} in the range lower than the reference value C of 
127, This is because the measurement curve in that range is 
produced only by light cyan ink. Accordingly, the tone 
correction curve or upstream profile T2c (broken line in Fig. 

10 7) for cyan in the range lower than the reference tone can 
be prepared based on the measurement results taken in S7 . 
Similarly, the results measured in S7 for light magenta ink 
can also be used to prepare the measurement curve for 
magenta in the range lower than the reference value M* of 

is 127. Accordingly, the tone correction curve T2m (upstream 
profile) for magenta in the range lower than the reference 
tone can be prepared based on the measurement results taken 
in 57. 

In the above -described example, during the upstream 
20 profile preparation process of S9, color patches are printed 
and measured- Then, based on the measured results, the 
tables T2c« T2m, T2y, and T2k (upstream profile) is prepared. 
However, if the results measured in S7 during the downstream 
profile examination procedure can be directly used for 
25 preparing the tables T2c, T2m, T2y, and T2k (upstream 
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profile ) , it is unnecessary to perform the color patch 
printing process or the color patch measuring process during 
the process of S9. 

While the invention has been described in detail with 
5 reference to the specific embodiment thereof, it would be 
apparent to those skilled in the art that various changes 
and modifications may be made therein without departing from 
the spirit of the invention, the scope of which is defined 
by the attached claims. 

10 For example, the embodiment described above is applied 

to a profile preparation process for preparing the tone 
correction upstream profile and the tone correction 
downstream profile • However, the present invention could be 
applied to any process for preparing a variety of 

15 interrelated profiles, of upstream and downstream profiles. 

Also, the present invention is not limited to a 
process for preparing two types of profiles, but could also 
be applied to a process for preparing three or more profiles . 
The embodiment describes measuring density level of 

20 the color patches to measure color of the color patches for 
preparing profiles. However, it is possible to measure 
other values defined according to L*a*b* or L*u*v* 
colorimetric systems, defined by the CIE (Commission 
Internationale de l'Eclairage) , and the like- 

25 The embodiment describes judging whether profile 
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preparation is to be terminated, directly after preparing 
the downstream profile and directly after preparing the 
upstream profile- However, this judgment about profile 
preparation termination could be made at any timing, as 

5 necessity dictates. 

Also, in the embodiment, the program always returns to 
the processes for preparing the downstream profile, whenever 
it is judged that the downstream profile is improperly 
prepared. However, the system can be designed to first 

10 notify the user that the downstream profile has been 
improperly prepared, and then enable the user to select 
whether to continue profile preparation processes. 
Similarly, the program always returns to the processes for 
preparing the downstream profile, whenever it is Judged that 

15 the upstream and/ or downstream profile is improperly 
prepared. However, the system can be designed to first 
notify the user that at least one profile has been 
improperly prepared, and then enable the user to select 
whether to continue profile preparation processes. 

20 More specifically, a step of S2Q may be added between 

the processes of S14 and S15 as shown in Fig. 4. In this 
case, in S14, the CRT display 16 is first controlled to 
display that the presently-prepared profile! s) has been 
improperly prepared. Then, in S20, the CRT display 16 is 

25 further controlled to display a message asking the user 
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whether he/she desires to continue the profile preparation 
processes. Upon viewing the message, the user inputs, via 
the input unit 18, his/her confirmation whether he/she 
desires to continue the present profile preparation 
5 processes. When the user confirms his/her desire to 
continue the present processes (yes in S20) f the program 
proceeds via the process of S15 to return to S2. On the 
ether hand, when the user confirms his/her desire not to 
continue the present processes (no in S20), the program 
10 proceeds to the process of S16, and the process is ended- 
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